Best management practices (BMPs) were used to reduce the NPS in various fields. The Korean Ministry of Environment has developed a total maximum daily load (TMDL) and adapted it to prevent water resources from pollutants in four major rivers. However, many water bodies in Korea are still polluted. It is anticipated that the NPS pollution flows into the water bodies without treatment. Nowadays, BMPs are enforced to reduce the NPS pollutant in Korean TMDL.This paper analyzes the characteristics of the reduced pollution loads by two different BMPs. We also calculate the reduced pollutant mass and the reduced pollutant loading rate to help make a plan for the pollution reduction in the Korean TMDL.The characteristics of the pollutant reduction in the BMPs were revealed through analysis of the EMC, first flush phenomenon and reduced pollution loads. Integrated facilities which combined two facilities were more effective to reduce the pollutant than the single and it was better to remove the beginning of the runoff as a first flush effectively than treat all runoff in the facilities.
INTRODUCTION
Total maximum daily load (TMDL) is the one of the regulations to manage the total pollutant load diffused from watersheds. The Korean Ministry of Environment has developed and adapted a TMDL strategy to protect water resources from pollutants in four major rivers. TMDL has managed not only urban sewage, industrial waste water and livestock effluent as point source pollution, but also nonpoint source (NPS).
However, many water bodies in Korea are still polluted. It is anticipated that the NPS pollution flows into the water bodies without treatment. NPS pollution loads as 44.5% of the all pollution loads has been discharged to the Han Rivers in
Korea (Ministry of Environment Republic of Korea 2000).
Even though much fundamental research concerning the characteristics of runoff were conducted to manage the NPS (Kim & Lee 2005; Kim et al. 2006; Park et al. 2007a) little research has been conducted about the characteristics of the facilities for reducing NPS pollutant in Korea.
Best management practices (BMPs) were used to reduce the NPS in various fields. Lian et al. (2007) conducted a comparative study for removal efficiency of various BMPs (Scholes et al. 2007) . In Korea, however, some research has been introduced regarding removal efficiency of kinds of the BMPs such as continuous deflective separation systems (Park et al. 2007b) , infiltration trenches ) and multi-filtration systems (Im et al. 2007 ).
Nowadays, BMPs are enforced to reduce the NPS pollutant in Korean TMDL (Ministry of Environment Republic of Korea 2007a). It is necessary to choose some of the BMPs according to their characteristics of the pollutant reduction and to calculate how much pollutants will be reduced in the BMPs. doi: 10.2166/wst.2008.828 Therefore, this paper analyzes the characteristics of the reduced pollution loads in two different BMPs.
We also calculate the reduced pollutant mass and the reduced pollutant loading rate to help make a plan to reduce pollution in Korea.
METHODS

Study site
This study was conducted from April 2007 to March 2008 and two facilities, which are considered as BMPs to reduce the NPS pollution, were studied. One is a type of soil trench facility (STF) situated in I-cheon city (IC site). The other is an integrated facility, which is linked with a vortex type facility and detention tank (VDTF), situated in Gwang-ju city (GJ site). They are located in a southern Gyeong-gi province, Korea. Figure 1 shows the study sites containing the location of BMPs and their land use of drainage area.
The drainage area of the IC site is an industrial area which is covered with buildings, roads and asphalt land cover as an impervious area. And the drainage area in the GJ site is a residential area which is covered with building, road as an impervious area and bare ground as a pervious area. The STF was designed that all runoff generated from the drainage of IC site could flow into the facility to treat the pollutant. However, the VDTF was designed so that some runoff could flow into the facility for their designed capacity and surplus runoff could overflow to the water body.
Monitoring methods
Monitoring was performed at the inlet and outlet of each facility. Every monitoring point was equipped with a number of flow meters; therefore, flow rate data was stored automatically. Rainfall intensity data was collected from the nearest regional meteorological office. runoff volume . It can be represented as:
where, EMC is the event mean concentration; C(t) is the time variable concentration (mg/l); Q(t) is the runoff flow rate discharged at time t (m 3 /min)
Even though EMC is the critical parameter for estimating the contribution of runoff to receiving waters, it can not explain the first flush phenomenon. To evaluate this phenomenon, M(V) curves were developed (Deletic 1998) :
where, C(t) is the time variable concentration (mg/l); Q(t) is the runoff flow rate (m 3 /min); T run is the duration of runoff (min).
The following equations can be used to calculate the reduced pollutant mass (RM) and the reduced pollutant loading rate (RLR) by BMPs:
where, RM is the pollutant mass reduced by BMPs (kg); There are different methods to calculate the reduced pollutant loads in the facilities reducing NPS pollution, which are required to make a plan in TMDL. One is calculated by using an efficiency of pollutant reduction, the other is computed by a reduced pollutant loading rate; this method was used in this paper:
where, RLR is the reduced pollutant loading rate by BMPs (kg/hm 2 /a); R is the annual total rainfall intensity (mm/a);
Dt is the rainfall duration (h); A is the watershed area (hm 2 );
I is the rainfall intensity (mm/h).
RESULTS AND DISCUSSION
Characteristics of runoff and washed-off pollutants
Five storm events were monitored at BMPs situated in each site. Table 1 denotes the characteristics of the events monitored in detail, such as event date, drainage area, antecedent dry days (ADD), total rainfall, runoff duration, average rainfall intensity and total runoff volume. The ADD varied from 2 to 21 days and the rainfall from 3 to 13 mm.
The runoff duration time was recorded from 1.33 to 6.25 h and average rainfall intensity was determined from 2.5 to 3.1 mm/h at the IC site.
In the case of GJ site, the ADD varied from 3 to 12 days and the rainfall was measured from 6 to 29 mm. The runoff duration was recorded from 0.97 to 8.53 h and average rainfall intensity was determined from 3.4 to 12.4 mm/h.
Two days was considered to be the optimum minimum number of antecedent dry days prior to monitoring. 129.0 mg/l at an initial stage within 10 minute and decreased gradually to 8.4 mg/l within the last 2 hours. It can be considered that this event showed the first flush phenomenon.
Pollutant concentration of runoff at the GJ site decreased more quickly after peak value than the concentration at the IC site. This is due to the fact that the drainage area of GJ site is mostly covered with impervious surface.
High runoff volume is generated over impervious surface rapidly because precipitation can not infiltrate to the soil.
EMCs were calculated to quantify the pollutant concentration in each rainfall event. EMCs at the inlet and outlet of the BMPs are summarized in Table 2 .
The influent EMCs of the VDTF were higher and more unstable than the influent EMCs of the STF for most of the Usually, EMC is affected by the total rainfall, runoff duration, rainfall intensity and ADD. However, these factors did not show consistent correlation with the EMC in this study.
Determination of first flush phenomenon
The M(V) curves were developed according to the pollutant concentration at the inlet point of the each BMPs are shown in Figure 3 . Deviations of the data on the M(V) above the diagonal line are considered to be the first flush.
As the result of the first flush phenomenon compared with the BMPs, most of the pollutant parameters showed generally the first flush in the VDTF. This drainage area is covered with impervious asphalt land cover.
In contrast, there was no first flush in the STF, because the drainage area of the STF was covered with a half of the pervious bare ground area. Especially, the M(V) curve of some events regarding TSS were below the diagonal line because of the few rainwater storage barrels in the drainage area of the STF, which were effective to deposit the Washedoff particles before inflowing in the reducing NPS facilities.
Characteristics of reduced pollutant by BMPs
Reduced pollutant mass (RM) was calculated to indicate the characteristics of pollutant reduced in the BMPs (Table 4) . The RM of the VDTF was not affected by those factors; because it contains the detention tank which has the regular hydraulic retention time. However RM of the STF had shown high correlation with total rainfall and runoff duration. The RM was increased because the more the total rainfall increased and the longer runoff duration, the more increased the volume of the infiltration increased in the STF. This means that the penetrated runoff has a chance to be treated in the facilities. Therefore, the reduced pollutant loading rates (RLR) were calculated using the RM drainage area and annual rainfall (Table 4 ).
Due to the RLR which is the reduced pollution load by unit area, it is possible to compare the reduced pollutant load of BMPs with another. Mean values of the RLR for TSS, BOD5, CODmn, DOC, TN and TP 87.98, 13.19, 18.26, 8.74, 4.89 and 0.26 The RLR in the VDTF was higher than in the STF. This is thought to be due to the characteristics of the VDTF which linked the vortex type facility with the detention tank Especially, the pollutant loading of TSS was largely reduced in the VDTF. Moreover, the less effluent was discharged than the effluent in the VDTF. The result of this is that there is a by-pass line in the VDTF so that the surplus runoff was discharged to the by-pass line.
It means that integrated facilities are more effective to reduce the pollutant than the single facilities and it is better to remove the beginning of the runoff as a first flush effectively than treat all runoff in the facilities. 4. The reduced pollutant mass and reduced pollutant loading rates in the VDTF were higher than those in the STF. This is due to the characteristics of the VDTF which linked the vortex type facility with the detention tank and the characteristics of the treatment.
